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As animal fats are by-products of the meat industry, control of
their production is very difficult, if not impossible, and often unavoi-
dable surplusses require an utilization. Production of chemical deriva-
tives of fatty acids offers the best promise for dealing with the sur- -
plus problem.

Of the various type of derivatives obtainable from fats, the pro-
duction of hydroxy fattysgchains appears to be one of the more promi-
sing. In fact, with the exception of ricinoleic acid, there are no.im-
portant commercial natural hydroxylated fatty acids. '

Though the production of monohydroxylated and dihydroxylated fat-
ty chains has been extensively studied, there was, before the present
researches have been purchased, very little information on the possi-
bility of obtaining unsaturated hydroxylated fatty chains and branched
hydroxylated fatty compounds with the hydroxyl in the secondary chain.

A possible solution of the first point is to transform an unsatu-
rated acid, like oleic acid, in the corresponding allylic hydroxylated
one, i.e. to introduce the hydroxyl group on a carbon adjacent to the
double bond.

Synthesis of chemically pure compounds showed that two classes of
derivatives may be obtained : v '
the monohydroxyallylic derivative whose chain is isomeric with

the ricinoleic chain,
the dihydroxydiallylic derivatives which are new compounds.

Different ways of technical preparation have been explored.

The first was the hydrolysis of allylic bromides, which are ob-
tained by reaction of an unsaturated derivative with a specific reagent.
Hydrolysis offers no difficulty and purification by fract.onal crystal-
lization of the rough products is easy. The drawback of the method is
the number of successive stages to perform.

Reaction with hydroperoxide, even in carefully controlled conai-
tions, is slow and only partial. Overmore, it is not completely selec-
tive as dimers are equally formed.

Use of peresters in place of hydroperoxides gives better results
since, though the reaction velocity is always low, as no dimers are
formed, hydroxylation yield is higher. Employ of t.butyl perbenzoate
gives particularly satisfactory results, and products obtained from
oleic acid are easily purified. According to the proportion of the
reagent used, one can obtain mixtures of mono- and dihydroxylated
chains in various proportions.

'Allylic oxidation may also result of the action of some chemical
reagents.



Selenium dioxide is a very powerful one and is easily put in
reaction in various solvents. But its action is not completly specific
and very complex mixtures are formed, including beside the desiresd
allylic alcohols, saturated diols and eventually saturated alcohols
and ketones.

Better results are obtained with mercuric acetate. This reagent
is very specific and leads only to the formation of monohydroxylated
derivatives. Though its reaction mechanism affords scarcely to obtain
yields higher than 50%, very simple conditions of use and of purifi-
cation of the formed products were found, giving easily nearly pure
products.

Each kind of reaction was extended to functional terminal deri-
vatives of the oleic chain (alcohol and amine particularly).

The greatest feature of the allylic hydroxylated molecules is
their high reactivity. Especially they very easily support eliminatior
reactions, leading to the formation of conjugated polyunsaturated
chains.

The production of the hydroxylated branched fatty chain was ob-
tained by oxo synthesis i.e. addition at high temperature under high
pressure, in presence of cobalt derivatives, of hydrogen and carbon
monoxide upon methyl oleate.

Reaction products are rather complex mixtures of various bran-
ched derivatives.

Influence of the different factors (temperature, pressure, pro-
portion of gases, quantity of catalyst) was systematically studied.

Conditions leading to the maximum formation of a given compound
especially the hydroxylated branched derivative were determined. ’

From structural studies it appeared that important isomerisa-
tions occur during oxo synthesis., Those isomerisations affect the un-
saturated chain before addition of both gases.

Geometrical and positionail isomerisations have been set for.

It was shown that in the absencé of hydrogen, isomerisation may
be obtained without aauition on the double bond. A mixture of all the
possible isomers of oleic chain, in equal quantity, is then obtained.

Hydroxylated branched stearic acid is a very reactive gompound
which suffers spontaneous esterification with formation of either es-

tolides or lactones.



ALLYLIC HYDROXYLATION

The practical importance of saturated hydroxylated acids led to
the study and development of hydroxylation reactions. On the contrary
the possible ways to prepare unsaturated hydroxylated chains have been
much less explored for, particularly such reactions appear more tediou:
Such a problem may probably be approched from different sides. Since
hydrogens of the allylic carbons in a monounsaturated olefin present
a particular mobility, specific and limited allylic oxidation of a
monounsaturated fatty chain - in our case oleic chain - seems to be
relatively easy. The advantages of allylic oxidation is to preserve un-
saturation and to fix, at least approximatively, the position of the
hydroxyl.

our researches on that subject may be divided in two general

parts : .
- Indirect hydroxylation using as starting material allylic bro-
minated derivatives, and substituting the halogen by an hydroxyl,

- Direct hydroxylation with various reagents of different reacti-
vity and specificity : selenium dioxide, mercuric acetate, hydroperoxi-
des and peresters.

I - IN CT DRO - B

Bromination of methyl oleate or other oleic derivatives with N-
bromosuccinimide (NBS) 1s easy and transfer of halogen is always grea-
ter than 95%. Reaction mixtures are complex and contaln always four

components (1) :
allylic monobromide - CHBr - CH = CH - CH2 -

diallylic dibromide - CHBr - CH = CH - CHBr -
addition dibromide - CH2 - CHBr - CHBr - CH2 -
unreacted olefin - CH2 - CH =CH - CH2 -

Relative proportion of components belongs principally to the mo-
lar ratio NBS/oleic chain, the nature (polarity) of oleic derivative
used and the quality of NBS.

As both allylic methylenes are equally reactive and as partial
transposition occurs during bromination, allylic monobromides are an
equimolar mixture of the four possible isomers. As diallylic dibromi-
des are formed from the monobromide without transposition, they are a
mixture of % isomers, one of them being twice more important than the

others two. (2).

In such mixture allylic bromine is very reactive and may be easi-
ly replaced, whereas addition bromine is particularly stable.



A - Obtention and characteristics of pure compounds

Knowledges of allylic bromides induce to think that two kinds
of hydroxyallylic derivatives are possible :
monohydroxyallylic derivatives with the sequence -CH,-CH=CH-CHOH-
inside the chain, 2
dihydroxydiallylic derivatives with the characteristic group
~-CHOH-CH=CH-CHOH-.

They were obtained from the corresponding bromides through a
nucleophilic substitution with a silver salt, followed by a saponifi-
cation of the intermediary ester.

As pure bromides may not be obtained, since they are too unsta-
ble, we used, as starting materials, particular mixtures containing
beside one bromide as a main constituant, only traces of the other
bromide. These mixtures are : :

- the one resulting of the action of 0.5 mole of NBS per fatty chain,
which may be considered as a mixture of allylic monobromide and un-
reacted chain;

- the one resulting of the action of 2 moles of NBS per fatty chain,
which is a mixture of the two dibromides.

Nucleophilic substitutions were made either in homogeneous me-
dia (acetic solution) using silver acetate, either in heterogeneous
media with careful mixing of a chloroformic solution of bromide and
an aqueous solution of siiver nitrate.

Previous treatments were applicated to three differents oleic
derivatives : methyl oleate, oleyl alcohol acetate, and oleonitrile.

The esters corresponding to the first two were saponified and
after decomposition and purification the corresponding mono- and di-
hydroxylated derivatives of oleic acid and oleyl alcohol were isola-
ted as pure compounds after recrystallization. The esters correspon-
ding to oleonitrile were treated according to Bouveault and Blanc,
to be transformed to the mono- and dihydroxylated allylic derivatives

of oleylamine. :

Analytical characteristics of the obtained products are enlis-
ted in table I.

* Derivatives of oleic acid were studied more precisely.

Infrared spectra show an important absorption at 967 cm 1 indi- |
cating that many, if not all, double bounds are trans. Thin layer
chromatography (T.L.C.) on silicic acid/NO,Ag plates shows only one
spot corresponding to the trans form . 5 Only one stereoisomer is

then present.

Allylic hydroxyls are easily eliminated through a specific de-
hydration with p-toluéne sulfonic acid in benzene solution. Ult?avioT‘
let spectroscopic examination shows that monohydroxyallylic oleic acid



is transformed quantitatively in cohjugated dienic acid and dihydroxy-
diallylic oleic acid in conjugated trienic acid.

Disruptive oxidation with IQ,Na - MnQO,K according to Jones and
Stolp (3), followed by quantitativg gas liqﬁid chromatography (G.L.C.)
of the mono- and diacid formed, shows that : :

the monohydroxylated derivative is (as the bromide) an equimo-
lar mixture of the four possible isomers,

and the dihydroxylated derivatives are, as well as the correspon
ding bromides, a mixture of three isomers.

In view to ascertain that during remplacement of bromine in di-
bromide, to obtain the corresponding diocls, no transposition occurs
which would lead to the formation either of vicinal diols or epoxides

(4)
- CHOH - CH = CH - CHOH -  diallylic diols

- CHOH - CHOH - CH = CH - unsaturated vic.diols

- CQ\- CH - CH =CH - unsaturated epoxides
o/

dihydroxylated diallylic acid was hydrogenated at as low temperature .
as possible, and in the saturated alcool obtained, vic.diols or (and) |
epoxides were researched. No positive answer was found, indicating tha'
no transposition occurs during exchange of bromine of the dibromide.

One must notice that mono- and dihydroxylic allylic derivatives
of oleic chain are particularly reactive. Two properties are to be em-
phized:the aptitude of the alcohols and their esters to spontaneous
elimination when heated above 90°C; the easiness, even in the cold and
in the solid state, of mutual esterification of acid molecules leading
to the spontaneous formation of estolides.

B - Hydrolysis of allylic bromide

The use of silver salts is possible for fundamental and explo-
ratory researches, but cannot be in any case a preparative way neither
for laboratory purposes nor, of course, for industrial ones.

The lability of bromine in brominated compounds 1s favourable to
hydrolysis reactions.

As starting material, we used the bromination product of oleic
acid with equimolar proportion of NBS having the following characte-
ristics

iodine value : 62.4
total bromine : 22.3%
allylic bromine : 17.2 %

As reference a theoritical hydrolysis of all allylic bromine atoms.
would give an hydroxylated mixture having the following characteris-
tiecs :

iodine value : 7.7

hydroxyl value : 139.5



total bromine : 5.9%
allylic bromine : O

As a conclusion of systematic experiments using aqueous solution of
different alcalin salts of various basicity the following hydrolysis
procedure was elaborated :

The mixture (121.9g) resulting from the treatment of 100g oleic
acid with an equimolar proportion of pure NBS is dissolved in a solu-
tion of CO3NaH (55.5g§ in water (330 cm3). The solution is heated to
boiling for 2hrs. After cooling it is acidified and the fatty
portion recovered (1l04.6g). It has the following characteristics

iodine value : 78.9
hydroxyl value: 130.5
total bromine : 4.8

allylic bromine: O

After a crystallization at -30° from petroleum ether (10em3/g) a frac-
tion, bromine free, weighing 61.5g, is recovered (I.V.: 82.5

A 189.5).

Alcaline hydrolysis may be extended to non water-soluble or so-
lubilizable derivatives of oleic acid, using a common solvent. The
best one in the case is tetrahydrofuran. Hydrolysis being done at
100°C, use of THF requires reaction to be conducted in a pressure
vessel. Results obtained summarized on table II are good.

So allylic bromination and hydrolysis of allylic bromides are
in the case of oleic acid and of its terminal functional derivatives
a satisfactory process to prepare, in a falrly pure state ana with a
satisfactory yield, hydroxylated allylic oleic acid and derivatives.

II - DIRECT HYDROXYLATION WITH SPECIFIC OXIDIZING REAGENTS

Direct and specific oxidation of unsaturated molecules are well
known in organic chemistry. Many reagents have been proposed !therefor.
Very few of them have been used in lipid chemistry and most often theil
action is not l.mited to the formation of a.f-unsaturated alcohols.

Direct oxidation with oxygen followed by reduction of the hydro-
peroxide in very carefully controlled conditions has been recently in-
vestigated by Ault et al (5) and seems to give satisfactory results.

Use of chemical reagent is not without interest ir it produces
relatively short reaction times and more easy renders the final puri-
fication.

For that purpose we successively studied the action of selenium
dioxide. mercuric acetate, hydroperoxides, and t.butylperesters.
A - Oxidation with SeO2

Selenium dioxide is a selective oxidation reagent wh;ch give:s,
with olefins, among other products, allvlic alcohols/ However its ac-




tion is not completly specific and numerous by-products are formed
including principally olefinic ketones (7) and saturated alcohols(8).

It has been principally opposed to short chain olefins and ter-
penes, and relatively few works have been devoted to its application
in the field of fats and oils (9,10).

- . - —— e - G . -

Conditions used.for preliminary experiments were those des-
cribed by Guillemonat (11) : i.e., reaction in boliling acetic solution
with a molar defect of Seoa.

Chemical and spectrographic examinations of crude products, di-
rectly, after saponification and after saponification and dehydration,
enabled us to determine the best conditions of reaction. There are
the following :

To a solution of oleic acid (1 mole) in acetic acid (5cm3/g)
heated to 70° 1ls added by successive portions in 4hrs approximatively
0.3%5 mole of Seog. :

After dilution with water the fatty phase, in which every hydro-
xyl group formed is acetylated, issaponified; a part of the selenium
precipitates as red Se during acidification foliowing saponification,
and the remaining Se is removed by final treatment with mercury (r2).

A typical reaction mixture has the following characteristics :

iodine value : 54 .2
hydroxyl value: 137.5

No other functional groups are present.

As shown by results of UV spectrophotometric determinations af-
ter dehydration, the main part (43%) of the hydroxyls are in allylic
position. 3ome of the others (9.4%) are associated in vic.dlols. ov
data after dehydration indicate that allylic alcohols are mixture of
monohydroxyallylic and dihydroxydiallylic derivatives. It remailns
naturally in the mixture at least 30% of unchanged oleic chains.

Changes in operatory conditions give poorer results : higher
temperature produces spontaneous elimination of allylic alcochols and
formation of conjugated systems; greater proportion of selenium dio-
xide affords formation of carbonyl groups.

Composition of crude product was determined as follows. The hy-
droxylated molecules and the non hydroxylated ones were separated by
reversed phase partition column chromatography according to’ Naudet et
all (13), and each fraction was analyzed.

The unhydroxylated acids were examined by GLC and found to Dbe
essentially octadecenoic acid with a very small quantity of conjugated
octadecadienoic acid which is formed from monohydroxyallylic acid du- |
ring recuperation treatments. Infrared examination and structure de-



termination show that octadecenoic acid is the c¢is 9.10 isomer, that
means untransformed oleic acid.

Examination of the hydroxylated fraction is more complex. Ultra-
violet spectroscopic determinations after dehydration confirm the pre-
sence of both monohydroxylated and dihydroxylated derivatives. Thin
layer chromatography after dehydration of the allylic alcohols shows
that monohydroxylated saturated acids are present beside saturated vic
diols. Every allylic hydroxyunsaturated acids are trans compounds (by
IR and TIC). The monohyaroxy are equimolar mixture of four isomers
which have yet been characterized. Vic.dihydroxysaturated acid is the
9.10 threo dihydroxystearic acid, and the monohydroxysaturated acid
is a mixture of the 9 and 10 isomers of hydroxystearic acid.

Quantitative estimation of each component is possibie and the
saponified crude mixture has the following composition (in weight) :

allylic hydroxyoctadecenoic acid : 38.3%
diallylic dihydroxyoctadecenolic acid : 5.0%
9(10)hydroxystearic acid : 6.9%
9.10 dihydroxystearic acid : 9.4%
oleic acid : 35.0%
conjugated octadecadienoic acids : 3.6%
palmitic acid : , 1.8%

2) Experiments_in_various_solvents
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Acetic acid, in spite of the very favourable results it
affords, is not very satisfactory : it is expensive, very difficult
to handle and to eliminate, and its recuperation is nearly impossible.
overmore, all formed hydroxyl groups are acetylated and obtention of
free alcohol-acids needs a saponification treatment. various examples
of 8e0, oxidation in non acetic media are given in the litterature
(14), and so we tried to work in various solvents.

All experiments were performed in the optimal conditions found
for oxidation in acetic acid and the results are Jjoined on table III.
The following conclusions are to be made :
- in all the tested solvents, oxidation is possible but its velocity
differs as, in the devoted reaction time, its yield (i.e. recovery of
oxygen from Seo2 used expressed through the sum : hydroxyl value +
carbonyl value x 2) depends of the solvent. It is generally high,
but is very low in some cases (pyridine) and sometimes substrate oxi-
dation may be balanced by reaction with the solvent (ethanol).

In every cases when velocity is high, hydroxylation is the main
if not the only reaction. Ketonic groups when formed are present in
small quantities. No elimination forming unsaturated systems occurs

during oxidation.

catalytic dehydration of reaction mixtures leads to the forma-
tion of conjugated dienes in important proportion and also to the for-
mation of trienes, indicating that allylic mono- and dihydroxides are
the main components.



In all solvents, in more, saturated adjacents dihydroxides are
present.

As shown by table III, quantities of ketone and vicinal diols
formed vary with the nature of the solvent. It may be of interest to
relate those yields to any characteristics of the solvents. Among
those character.stics the dielectric constant gives particularly in-~
teresting indications. A plot of dihydroxylation yield and ketone
yield against dielectric constant is given on fig.l. The obtained
curves make more easy the choice of the solvent.

Reaction in CCl, has been particularly studied. As preceedingly
done for reaction in gcetic acid, nature and structure of formed com-
pounds were determined, and detailed composition calculated.

Here and contrarily to results obtained in acetic media, mono-
hydroxyallylic octadecenolc acids are only a mixture of two isomers :
those in which respectively the hydroxyl 1is located in the 9 or 10
position and the double bond in 10-11 or 8-9 positions, indicating
that a complete transposition occurs during the reaction. Dihydroxy-
diallylic derivatives are the corresponding compounds. Ketones formed
are the vinyl unsaturated ones and correspond probably to allylic al-
cohols. As in acetic acid, unreacted oleic acid has not been isomeri-
sed, and vicinal dihydroxy acid 1is dihydroxystearic acid. No saturate
monohydroxy acid is present.

Composition is :

allylic hydroxyoctadecenoic acid : 22.8%
diallylic dihydroxyoctadecenoie acid : 2.3%
9.10 dihydroxystearic acid : .9%
cetooctadecenoic acids : 1%
oleic acid : , 52.5%
conjugated octadecadienoic acids : 4,7%
palmitic acid : 1.7%
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' Seo2 oxidation is not limited to oleic acid. Functional
derivatives may“~ also be oxidized in the same conditions. Exemples of
such treatments are given in table IV.

In each case utilization of Se0p is complete and oxidation yi-
elds are good. But as a rule hydroxylation yielis are lower, whatever
the solvent may be, with functional derivatives than with oleic acid
or methyl oieate. Oxidation 1is less selective and more ketones are
formed. Terminal functions are generally not altered. However oleyl-
amine, oleonitrile at a very fewer degree and probably oleylalcohol
are more or less damaged.

- w———— o -

In view to elucidate a possible mechanism, kigetics stu-
dies were done. Their results are summarized in fig. 2. Allylic



hydroxyacids, dihydroxystearic acid and probably monohydroxystearic
acid are concurrently formed with different velocities according to
the nature of the solvent. Dihydroxydiallylic acids and ketones re-
sult of secondary reactions of primarily formed molecules.

A satisfactory mechanism has been elaborated and is summarized
on fig. 3.

It takes in account every experimentally made observation concer-
ning as well the structure of the formed compound as well the kinetic
results.

- o o ———— - - -

Consequently SeQp, appears as a very powerful reagent. Its
use is easy, and oxidation ylelds are good. But complex mixtures are
obtained containing beside the looked for molecules, many undesira-
ble while less or unreactive compounds. Purification of reaction pro-
ducts is rather tedious and gives no sufficiently satisfactory results.

B - Oxidation with mercuric acetate

_ Mercuric acetate ((cH3coo) Hg) gives with olefins numerous
reactions. Besides 1its addition to Jouble bonds (oximercuration)(15),
its employ as allylic oxidative reagent has been set for by numerous
workers (16), especially Rappoport et al (17). Excluding a tentative
but only partial work or Takaoka and Toyama (18), that sight of the
problem has not been examined in lipid chemistry. Nevertheless, as
will show the following results, mercuric acetate is a particularly
interesting allylic oxidative reagent when opposed to the oleic chain.

- ——————— ———— - 0 Tu S " A = e S

At first, we worked in acetic acid solution as recommended

by Toyama and Takaoka using equimolar proportions of the reagent. A
- systematic search of the best operating conditions led us to the fol-
" lowing ¢

To an acetic solution of methyl oleate (5cm®/g) add an equimolar
quant:ty of mercuric acetate and heat the mixture to 90°C. In the first
minutes of heating (CH COO)QHg dissolves itself. After nearly halfl an
hour, a white precipitate appears; after 2h.1/2 it progressively turns |
to metallic mercury. After li4hrs reaction is stopped; the solution is
water diluted and the fatty portion recovered as usual. 3Spectrographic
IR examination and chemical investigations show it contains principal-
ly acetate of allylic hydroxyesters and that no other functional deri-
vatives are present. After saponification the acid mixture is analyzed -
and the structure of the different present components determinea. It 1is
essentially a mixture of allylic hydroxyoctadecenolc acid and octade-

cenoic acid.

Allylic hydroxy derivatlves are nearly exclusively trans mono-
substituted ones. They are an equimolar mixture of the four poss;ble
isomers corresponding to an equal attack with partial transposition of

both allylic methylenes.



Octadecenoic acids are a mixture of both geometrical isomers,
nearly in proportion 2 trans/1 cis without any displacement of the
double bond along the chain.

Ponderal composition after saponification is :

allylic hydroxyoctadecenoic acid : 59.5%
diallylic dihydroxyoctadecenoic acid 1.
octadecenoic acid (cis and trans) : 38.9%

Changes in operatory conditions do not afford important composition
variations. Lengthening the reaction time until 50hrs increases the
hydroxylated acid yield to 80% only, and using two moles of mercuric
acetate per mole of methyl oleate has no effect at equal reaction
time,.

- - ———— —— " > G - -

As for Se0p, oxidations were effected also in various sol-
vents. Results are reported on table V.

They are very different between a solvent and another and rea-
son of such differencies will clearly appear after discussion of
mechanism.

In some solvents no reaction occurs. In some others, addition
of the reagent seems to be the main phenomenon, and in others, like
dioxan, allylic oxidation occurs. :

The reaction in that last solvent was more precisely studied.

Fatty products formed are the same as in acetic acid. Before
saponification, all hydroxyl groups are acetylated, and the saponi-
fied product is essentially a mixture of trans hydroxyallylic octade-
cenoic acids (4 isomers in equal proportion5 and partially stereoisome
rized octadecenoic acid.

S:gnificative differences are to be noted with reaction in ace-
tic media :
- in dioxan, metallic mercury does not appear and the white precipita~
te remains unchanged during all the reaction. It has been characteri-
zed as mercurous acetate (CH3COO)2Hg2.
- using equimolar proportions, after lihrs yield of allyliic hydroxide
reaches only 50%. Lengthening the reaction time does not increase 1it.
- using 2 moles of mercuric acetate per mole of methyl oleate does not
give better result after liahrs. but enables to obtain more than 75%
yield (on a molar basis) after 50hrs.

- o ——— - —— . —— - o -

In view to elucidate the possible mechanism, reaction stu-
dies, in which concentration variations of all components were follo-
wed, were done as well in acetic acid as in dioxan. Results obtained

are summarized on fig. 4 and 5.



From that results the following mechanisms may be set for (fig.6)

In a first time an equimolar dimeric adduct between mercuric ace-
tate and methyl oleate is formed. That adduct later decomposes, giving
a mole of partially isomerized methyl octadecenoate, and a mole of an
organomercuric compound which may decompose to mercurous acetate and
acetylated methyl allylic hydroxyoctadecenoate.

In acetic acid, dismutation of mercurous acetate occurs, forming
metallic mercury and regenerating mercuric acetate.

As in the dimeric adduct, if sufficient proportion of mercuric
acetate 1s present, all the methyl oleate is included, the limiting
factor for the development of the reaction is not mercuric acetate,
but methyl ocleate. When an excess of mercuric acetate is present, it
can react only when methyl octadecanoate has been liberated from the

adduct.

As formation and decomposition of that adduct is essential for
the advancement of the reaction, influence of the polarity of the sol-
vent on both stages was investigated.

It was shown that adduct formation is very easy and total in non
polar solvents like CCly and benzene, and its decomposition is all the
more rapid the solvent is more polar.

This suggests that best conditions of use will be a two stages
reaction : formation of the adduct in an apolar solvent, followed by
decomposition of this in a polar solvent. But in that case, on the
contrary to what occurs in acetic acid, the yield wouid be limited to
50% on a molar basis.
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Functional derivatives were treated with mercuric acetate
comparatively with methyl oleate. Results are reported on table VI.

In each case hydroxylation yields are good. As a rule they are
significatively lower that for methyl oleate. Terminal functions are
not altered, but alcohcl is completly, and amine partially, acetylated.

- . s e o - - -

From preceeding results, mercuric acetate appears as a par-
ticularly interesting reagent.

Though in the most easier conditions of use, it does not afford a
molar hydroxylation yield higher than 50%, it is a very specific reagent
since it leads only in practise to the formation of a.p-unsaturated
monoalcohols. A typical way to obtain allylic hydroxyoctadecenoic acid
may be the following : equimolar quantities of oleic acid and mercuric
acetate are reacted in CCly, for 30 minutes at boiling point, solvent is
evaporated, and residue is dissolved in ethyl oxide and the solution
heated to boiling for l4hrs. After filtration to separate mercurous



acetate, the solution is cooled at low temperature and the elafdic
acid separated by crystallization. The filtrate is evaporated and
the residue saponified, The crude hydroxyoctadecenoic acids are reco-
vered as usual and may be purified by a complementary crystallization

C = Oxidation with peresters and hydroperoxides

Esters of peralcohols (19) are used from long ago as speci-
fic oxidants for allylic carbons, but no application of this reaction
has been proposed in lipid chemistry.

After preliminary experiments the best conditions of reaction
were determined and may be summarized as follows.

To a solution of methyl oleate in a convenient solvent, contai- .
ning Cut* ions as indicated by Kochi et al. (20) is added the desired
proportion of perester or hydroperoxide. The mixture is then heated
for several hours at 90° under nitrogen with constant agitation,

The following observations were made :
- whatever will be the reagent, the solvent or the concentration of
the solution, reaction is very slow and its velocity decreases gra-
dually, probably as a consequence of the dilution of the reagents.

In every cases, after 30hrs, oxidizing agent has only been par-
tially utilized.

- Hydroxylation yields consequently are low and do not surpasse
for equimolar proportion of reagent : with peresters 60-70%, and

with hydroperoxide 35-40%.
- whatever will be the reagent, the oxidation is very specific as only

allylic hydroxides are formed, excluding all other oxygenated deriva-
tives (ketone, saturated alcohols).

- in acetic acid acetates are always obtained. :

- 1in non reactive solvents : with peresters, allylic hydroxyles are
esterified by the acid moiety of the reagent (acetate with peracetate
benzoate with perbenzoate),
with hydroperoxides : free alcohols are
obtained.

- with peresters no dimers are formed; with hydroperoxide an important

formation of dimers occurs.
Structure of the formed products has been determined.

Allylic hydroxides are mixture of mono- and dihydroxylated de-
rivatives. The former are an equimolar mixture of the 4 possible iso-
mers.The wtransformed octadecenoic acid is partially stereoisomerized
(#é 2 trans/1 cis) but did not suffered any positional isomerisation).

The exact structure of the dimer formed with hydroperoxides is
yet being studied. There are good reasons to think it may be a dehydro-
dimer, but this point must be confirmed.



Use of peresters may induce a rather simple way for preparing
technical hydroxy acids : oxidation of oleic acid is performed during |
30hrs at 90°C for exemple with t.butyl-perbenzoate in acetic acid.
After cooling and dilution, the fatty portion is recovered and water- |
washed; then it is dissolved in petroleum ether and the elaidic acid
(nearly 2/3 of the unoxidized fraction) is discarded through crystal-
lization. The filtrate is evaporated, then saponified, the crude hy-
droxylated acid may pe further purified through crystallization.

In conclusion one may say that oxidations with peresters are
satisfactory; though their yields are low, since the reagent is only
partially utilized, they are very specific and lead to mixture of
mono- and dihydroxyoctadecenoic acid, the proportion of which is a
function of the molar ratio oleic acid/reagent.

The use of hydroperoxides, though it may prevent in some cases
the formation of esterified derivatives, affords no advantages, since
the yields are lower than with peresters, and in more partial dime-
rization occurs.



PART B

OXONATION REACTION

The reactivity of a functional group belongs to the nature of
the carbon atom to which it is bound : from such a point of view,
reactivities of hydroxyl groups are characteristic.

Classical addition reactions on the double bond of monounsatura-
ted acids or esters result . in the formation of a secundary functional
group. So the bi- or multifunctional obtained molecule contains in
the same time functional groups, bound to primary (the terminal one)
and secundary (the middle chain one) carbons. 3ynthesis of branched
multifunctional derivatives in which the various identical or not
functiors are bound in the branched chain to primary carbon consequent-
ly offers a non neglectable interest.

Such molecules may be obtained by adding, on double bonds, va-
rious monocarbon compounds : application of Ritter's, Prins', Koch's
reactions to fatty compounds have yet been studied (21, 22, 23).

Oxonation reactions result also, and frequently more easily and
more rapidly than others, in the formation of primary branched func-
tional derivatives,

Essentially they consist to add to an olefin under convenient
temperature and pressure conditions, in presence of multivalent metals
as Co, Fe, Ni, carbon monoxide and an other reagent (H2’ HEO’ CHBOH,

NH}).

Oxo synthesis - or more exactly hydroformylation - is the most
important form of use of oxonation reaction. Well known and largely
used in petroleochemistry, it is nearly unknown in lipid chemistry
where only few experiments were done (24 & 27). Though generally short
chain and terminal olefins are used, no special difficulties seem to
be awaited when long chain, symetric olefins are used, except perhaps
the decrease in reactivity and the possibility of important isomerisa-

tions.

Study of methyl oleate hydroformylation is presented in the
present report.

A - Operatory conditions

Assays were performed in the apparatus shown on figure 7.

A stainless steel, 125 cm?® capacity, autoclave, able to suf-
fer high temperature and high pressure (up to 300°C and jookg/ch)
is located in an electrical heater, sideways swinged. Temperature may
be regulated, when desired value 1s obtained, to & 2.5°C. A convenient
device enables to introduce before operating, at the desired pressure,
necessary gases from commercial bottles. Pressure is controlled with



a manometer to the nearest kg/cma.

The processing of an operation is the following : 20g of methyl
oleate (98% purity free from polyunsaturated esters) and the desired
quantity of the choosen cobalt salt are placed in the autoclave.After
this one has been closed, it is filled to 60kg/cm2 successively, to
deplace air, with hydrogen, carbon monoxide and hydrogen. Convenient
partial pressure of CO is then established and needed initial total
pressure reached with Hp. Heating and agitation are put in operation.
During temperature rains up, pressure increases. When selected tempe-
rature is reached, pressure becomes constant during a more or less
important time (induction period) then begins to decrease first rapid-
ly, then slowly until a minimal value.

When pressure does not significatively decrease, agitation is
stopped, and the autoclave 1s rapidly cooled in a water bath. After
decompression and displacement of gases with nitrogen, it is opened
and its content is quantitatively recovered with a convenient solvent.

The solution is then acid treated to promote decomposition of
the catalyst, and after washing and drying, solvent is evaporated and
fatty portion analyzed.

B - Study of the reaction mixtures

Fresh, non acid treated solutions of oxonation products are
brown. Their infrared spectra contain two doublets located at 2068 -
2020em-1 and 1869 - 1834ecm-l which, according to Kirch and Orchin(28)
are characteristic of the cobalt carbonyls Co,(CO)g and HCO(CO)4,_l
active forms of the catalyst. In the same spectra peaks at 2660cm
and 33}Ocm“l respectively owing to aldehyde and hydroxyl groups are
present. If the etheral solution is kept over night in the refrigera-
tor before acidic treatment, it becomes green and characteristic dou-
blets of carbonyl compounds disappear from the infrared spectra.

From the determination of the analytical values on the acid
treated mixture (a typical example is given in table VII), the follo-
wing statements are possible.

- unsaturation has completely disappeared
- ester linkages are alwWays present
- aldehyde groups have been formed
In more - free acid groups are present (excluding eventually the aci-
dity brought by the fatty moiety of the catalyst generator).
- free hydroxyl groups are also present.

These results induce to the conclusion that the composition of
the reaction mixture is rather complicated and that the awaited methyl
formylstearate (1)(aldehyde ester) is accompanied at least by methyl
nydroxymethyl-stearate (2) (alcohol ester) and methyl carboxymethyl-

stearate (3) (acid ester).
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CHy - (CHp)y - ?H - (CHy)y - COOCH, 1
CHO
CHy - (cH,), - ?H - (CH2)y - COOCH 2
CH,OH
CHy - (CH2)X - ?g - (CHg)y - COOCH 3
COOH
CHy - (CHy)y - ?H - (CHy), - COOCHy 4
CH,0
|
oc - (CHg)y - ?H - (cH,), - CH
CH,OH
(x +y=15)

From the analytical values a balance sheet of the various func-
tions may be done and compared to the awaited values if the reaction
would complete and specific (table VII). In every case a more or less
important lack of functions is noted and must be explain by the for-
mation of saturated chains (methyl stearate) and (or) of internal
ester Qﬁ) (estolides).

Tentative gas chromatographic investigations gave no significa-
tive results as first each compound is, as it will be seen later,
a very large mixture of positional isomers, and secondly alteration
of some compounds occurs during elution. It is nevertheless possible
to determinate, using internal standard, the proportion of methyl
stearate.

From the analytical values and the proportion of saturated es-
ter, composition ol the reaction mixtures may be calculated.

C - Acid treatment for cobalt elimination

During preliminary experiments, it appeared gquickly that
acid treatment is an important point. Indeed formation of acid ester
occurs during such treatment through oxidation of the aldehyde groups.
Consequently it was necessary to find the optimal conditions.

It appeared rapidly that keeping etheral solutions of oxonation
mixture over night at + 5°C, during which spontaneous decomposition
of carbonyl compounds occurs, is propitious. As shown by results re-~
ported on table VIII homogeneous treatments using a water dissolving
solvent are to be prefered to heterogenous ones. If use of T.H.F.
with aqueous solutions of sulfuric acid progressively added leads to
low formation of acid esters, better results are however obtained



using, according to (29),oxalic acid in etheral solution.

D - Nature of the cobalt salt used

Catalysts for oxo synthesis are copalt carbonyls, more spe-
cially dicobaltoctacarbonyl which is probably reversioly transformed
during reaction in cobalt tetracarbonylhyadride.

Dicobaltoctacarbonyl which may be either formed in situ or pre-
prepared, results of the decomposition of a cobalt salt under pressure
of CO and Hp at elevated temperature. Nature of the cobalt salt is not

unimportant.

Salts of cobalt and mineral acids including cobalt carbonate are
not sufficiently reactive. 3alts of organic acids seem to De prefered; |
especially salts of aliphatic acids led very easily to a very active
catalyst. Salts of fatty acid present the advantage to be very solu-
ble in a fatty phase, but the free acid which appears during formation.
of the catalyst remains in the reactive mixture.

Cobalt acetate, though very hydroscopie, is to be prefered, sin-.
ce acetic acid 1is easily eliminated during washing.

Preformed according to Jender et al. (30) dicobaltoctacarbonyl
has the advantage to suppress inhibition period and to enable reaction
at lower temperature, but elimination of cobalt is more tedious than
with in situ formed catalyst.

‘% - Influence of various factors on oxosynthesis

Many factors may influence not only reaction velocity but
also composition of the optained product. Among those the most impor-
tant seemed {or us to be : initial pressure, temperature, relative
proportion of CO and Hp, catalyst quantity. Results obtained are dis-
cussed below. :

-—-——---.—..-—..—------—-——.---———--—-—-..--.-—-—-.

In those experiments temperature, partial pressure of
gases, quantity of metallic Cco (150°C - Py, = Peg ~ 1% Co by weight)
were Kept constant. Initial pressure was 2 Y increased from 80
to 130 kg/cm2 by 20kg/cm2 each time. :

Pressure variations were followed during each experiment, and
the related curves are reported on fig. 6. It is easy to notice that
increasing initial pressure decreases in a very noticeable manner the
reaction time, especially the inhibition period.

Calculated compositions are reported on tablie IX. NO signilfica-
t.ve differences are to oe noted. pPercentage of methyl stearate and
alcohol esters are nearly constant. No estolides are formed. Some
concomitant variations are noted for the respective percentage of al- .
dehyde ester and acid ester, out the partial sunm of these two compound

is nearly constant.



As conclusion, if pressure exercises a marked influence upon
reaction velocity, it has no influence on the composition of the final
product.

..—--—...-..—_.._..—_——-_—————-—————-—_—-.._—..‘--—--_-——

In these experiments initia. and part.al pressures and
Co proportion were kept constant (160kg/cm2 - p = p - 1% Co) and
temperature increased by 10°C from 110°C to H2 o
190°C.

As shown by curves of fig. 9 low temperature gives very long
time of reacticn which progressively decreases when temperature in-
creases. The decrease of reaction time depends principaliy of the
diminution of inhibition period, but as shown on fig. 10 when prefor-
med cobalt carbonyl is used, lowering the temperature decreases also
the true reaction time. Inhibition period disappears at 170°C. Compo-
sitions are reported on table X. They vary greatly from an assay to
the other; at 13%0° (using preformed catalyst) or at 150° (using cata-
lyst in situ generated) percentages of alcohol esters and methyl ste-
arate are low. The main components are aldehyde esters and acid es-
ters. No estolides are formed.

Increasing temperature makes yield of aldehyde ester, acid es-
ter and methyl stearate lower, whereas alcohol esters and estolides
increase. At 190° they represent more than 80% of the total.

%) Influence of partial pressure of gases

fragringeiibuioguipitapuipeiPipuipuigiin, s> PP S 4 Sttt adendheadeaia - -

Relative molecular proportion or gases-related to partial
pressure of each of them-has to be considered.

For such a purpose experiments were performed under constant i-
nitial pressure (150kg/cm2) at two temperatures (150°C and 190°C)
with a constant proportion or cobalt (1%) and with different partial
pressures always kept in a simple proportion (4/1 - 2/1 - 1/1 - 1/2 -

1/4).

composition of final products are reported on table XI . At
both temperatures, variation of relative proportions of gases modifie
more or- less the compositions.

At 150° a relatively low excessS of carbon monoxide has no si-
gnificative influence, but, if a toc great excess is used, reaction
is not complete. An excess of hydrogen has a reductive effect. More
methyl stearate 1is formed and upon all aldehyde csters are partialliy
transformed in aicohol esters.

At 190° also a considerable excess of CO leads to an uncomplete
reaction and more aldehyde esters are formed. An excess of hydrogen,
on the contrary, has no influence on the composition but if a very
large excess 1s used, the catalyst is reduced and after reaction me-
tallic cobalt is present 1in the reactor.



4) Influence of catalyst proportion
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In view to investigate the influence of the quantity of
catalyst, experiments were performed as well at 150°C as at 190°
(initial pressure : 160kg/cm2) with proportion of cobalt varying from
0.1 to 2% by weight. Results are reported on table XII .

Whatever will be the temperature, the whole reaction time 1is all
the most shorter than cobalt proporticn 1is higher. But in every cases,
the inhibition time is, at a given temperature, constant. In conse-
quence one may think that the true catalyst formation velocity is in-
dependant of the quantity of cobalt but that the velocity of the reac-
tion itself depends of that quantity.

Composition of obtained products led to the follewing remarks
- Proportion of methyl stearate does not significatively vary.
- As well at 150° as at 190° when cobalt guantity increases, the pro-
portion of aldehyde esters (+ acid esters) decreases while that of
alcohol esters (eventually estolides) increases.

o - - = G - S S

3ome authors report experiments in solvent media (29).
Assays performed as well In benzene as in ethyl oxide did not give
significative results. Compositions are nearly constant. It is only
necessary to note that the presence of solvent considerably delays
the reaction.

F - Kinetic studies
In order to state with precision at what moment the various
pranched functions appear, kinetic studies are necessary.

They were performed in the following conditions : successive re-
actions, in usual conditions, were stopped after various times as in-

dicated on curves from rig. 1l. Obtained products were recovered and
analyzed as usual. variations of concentration or various components

are reported on fig. 12.

— . - - - oo

The first assay has been stopped Jjust when the maximal
pressure has been reached. Cobalt salt is not yet transfcrmed and no
reaction occured.

For the other assays the reaction time is longer. In each of
them (Co),(CO)g has been characterized. Complete disappearence of
cobalt acetate needs a rather long time.

Branched functional groups and methyl stearate appear immediatly
just when cobalt carbonyl is formed and their concentration increases
progressively. Aldehyde esters seem to be formed first and some of
them transforned in alcohol esters.
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Here, reaction begins before the maximal pressure has been
reached.

As preceedingly, aldehyde esters are formed rapidly while the
other components appear more slowly.

At a given time, all the methyl oleate has been utilized, but
reaction go on and aldehyde esters are progressively transformed in
alcohol esters while estolides are formed.

G - Isomerisation

Complexity of gas chromatograms induced rapidly to the conclu-
sion that each component of reaction products is by himself a complex
mixture of isomers. Trials for isolation of pure compounds which are
at present performed in our laboratory confirmed that opinion, since
beside branched in the middale of the chain molecules, a. bifunc-
tional derivatives were isolated.

One may ask if isomerisation concerns the unreacted olefin or
the branched molecules. Methyl oleate was heated under convenient
conditions with a cobalt compound in the absence of one or both reac-
tive gases and the products studied for their content of geometrical
isomers, from IR data, and positional ones, according to Jones and

Stolp.

Using Cop(C0)g as cobalt compound, one may note
- under Hp, total hydrogenation
-~ under CO or N, : small but significative decrease of unsaturation.
- under both last gases : stereoisomerisation and positional isomeri-
sation.
- at 150° : isomerisations are more important under Np than under CO.
- at 190° : isomerisations are egquivalent under both gases.

A particular interest must be given to positional isomerisation.
Double bound migrates all along the chain and reaches the extremity
of 1t, as methyl 17-octadecenoate and methyl 2-octadecenocate are for-
med. When positional isomerisation is complete, the double bound is
regularly distributed all along the chain.

Cobalt acetate produces only isomerisation at 190° under CO.

Cobalt tetracarbonyl hydride also produces isomerisation even.
at low temperature (25°C) while 1t is transformed in dicobalt octacar-
bonyl.

Assays performed for kinetic studies were also studied. Untrans-
formed methyl oleate was separated from branched chains by column chro-
matography and studied. In every cases one notes that when cobalt octa-
carbonyl is present, isomerisations occur, and that isomerisatlions -
both geometrical and positional cnes - are very rapid and preceed the
addition reaction.



DISCUSSION

The above results may lead to the following conclusion :
0xo synthesis may be very easily performed using monounsaturated
fatty esters or acids as substrates.

The best form of introduction of cobalt to act as catalyst is
cobalt acetate. Use of preformed cobalt carbonyl seems at least to be
unuseful, and sometimes affords difficulties.

Elimination of cobalt is an important step in the reaction pro-
cedure. The best way is to operate in homogeneous solution, for choice
with oxalic acid in etheral solution.

Complex mixtures are always obtained, but a selection of the
most convenient operatory conditions enables to form preferably one
compound : Aldehyde ester - which may be very easily transformed in
acid ester - is the major component when reaction is performed at a
relatively low temperature (150°), with a relative excess of O (2/1)
and a small proportion of cobalt (0.2 to 0.5%).

Alcohol esters are, for their part, more easyly reached -
mixed with estolides - at high temperature (190°), excess of hydrogen
(2/1) and high quantity of cobalt (2%2).

From the above results a theoritical interpretation of the oxo-
nation reaction may be glven.

The first step is the formation, from the cobalt salt, of stable

dicobaltoctacarbonyl :
H
(ac0) Co — 2% 2 AcOH + Co

2Co + 8CO0 —m> C°2(CO)8

This compound is probably transformed in cobalt-tetracarbonyl hydride

H
Co,(co)g —=> 2HCo(CO),

This one, which must be considered as the true catalyst, gives with ar
olefinic chain an alkyl-cobaltcarbonyl

- CH2 - CH=CH - + HCo(co)4 _— - CH, - CH - CH, -

I
Co -(CO)4

The alkyl-cobaltcarbonyl may react in various ways with different
velocity.

a) It may 10ss, probably very easily, a mole of cobalt-tetracarbonyi
hydride, with regeneration of a double bond. Elimination of HCo(CO n



produces isomerisation (positional and geometric)

H
-CH, -C=c¢"
2 7T
H
= or
- CH
2\ ~
C =
7 ~N
H H
- CH, - CH - CH
e 2 H CH, -
CO(CO)L e 27 <
pa - ~
or
H H
~ 7
cC=CcC
7 ™~
, CH,

b) The alkyl-cobaltcarbonyl may react with carbon monoxide to give

an acyl-cobaltcarbonyli, which wiil be, in an other step, reduce either
by Hp, either and more probably by HCo(CO)4 giving the branched alde-
hydes :

Co
- CH, - CH - CH, ——> - CH, - CH - CH, -
! = | 2
_00(00)4 Co~c<>(co)4
+ Hy — -CH, -CH-CH,,-
~CH, -CH-CH,~ CHO + HCo(CO),
co-co(Co)  hen e CCH_CH
4 Hco(co)4 CH, -CH-CH,- Co,(CO)g

CHO

vc) Hydrogenation of the double bond may be explained by direct action
of HCO(CO)Z+ on the alkyl-cobaltcarbonyl

HCo(Co)lr
-CH -CH-CH - > - CH, - CH - CH, -

]
Co(co)4 H

+ 002(00)8

d) Formation of the branched alcohol may result either from a direct



reduction of the aldehyde group, or more probably, from the action ‘of
HCo(C0), on that functional group

_CHE;(IIH—CHQ— -CHQ-(')H-CHE—
C + 2HCO(CO)4 —_ CH e C°2(C°)8

7 A Ve ~

H 0 HO H

At the end of the grant, grantee's laboratory persevers in
studying hydroformylation of methyl oleate.

Especially obtention of pure compounds : diacid, aldehyd ?Cid,
and alcohol-acid, is under examination in view to elucidate the
different physical and chemical properties.

It is hoped to be able in the future to enlarge the fleld of the’
researches concerning oxonation, by substituing to hydrogen other ga-
ses to obtain new compounds.
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TABLE II

Hydrolysis of crude allylic bromooctadecenic compounds

(HCO,Na : 4 N - 100°C - in T. H. F. 5 cm’/g)
~
Hydrolysis Analytical results Hydroxylation
Compound time Total Hydroxyl yield
(h.) bromine value 1

Methyl ester 4.5 2.2 141.5 84.5
Alcohol aceta- 4.5 3.2 118.3 g2.6

te
Nitrile 3 3.0 139.0 83.0
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TABLE VII

Characteristics and composition of an oxonation product

(methyl oleate - 160kg/cm2 - Py = Pcg - 150° - 13 Co - Co laurate)
2
Analytical characteristics
Acid value 80.0 — 1.43% millifonction/g

Zster value 167.0 —_—> 2.98 nf/g
Hydroxyl value 18.0 —_— 0.32 mf/g
Carbonyl value 67.0 —_— 1.20 mf/g
Iodine value 0

- - ———— . - - - - w— -

Carbonyls free 1.43

combined 2.98

Alcohols free 0.3%2

combined 2.98

Carbonyls 1.20
Total : 8.91 Awaited 8.97

Methyl stearate (by G.L.C.) —_—> 3.4
Lauric acid remaining 0.30 m.mole —> 6.0 %
Acid ester (1.43 - 0.30) x 342 S 8.6
Aldehyde ester  1.20 x 326 _ 39.1
Alcohol ester 0.3%2 x 328 10.5
Total 97.6

i
o
-

Estolides : 100 - 97.6
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TABLE IX
Influence of total initial gases pressure on oxonation of

methyl oleate

N S0,H, in THF )

.
.

pCO - cobalt laurate - further treatment

-
-

(temperature: 150°C - pH2

Composition (g/100g)

analytical values (x)

acid-
esters

ee oo

pressure
(kg/cm2)

.0 oo

methyl
stearate

e s oo

estolides

e e oo

aldehyde-
esters

*® o0 e

alcool-
esters

*e e oo

se o oo

‘carbonyl
' value

hydroxyl
value

.
.
.
.
3
.

ester
value

s o0 oo

acid
value

°% o0 oo

o0

e

.o

se oo

25.5

se oo

18.0

e oo

35.0

61.0

se oo

20.0

ve s

80

10

e oo oo

es eo eo

3645

15.5

335

*s o0 oo

se se e

.

26

se e e

176.0

*s co oo

7L.5

100

ve «ea oo

11

e o0 oo

3.0

ee oo o8

48.0

s o9 e

12.5

se oo oo

19.5

ce oo oo

83.0

ee oo e

21.0

s eo oo

ve es e

se o e»

120

ve oo oo

11

20 oo e

ee o5 ae

27.0

11.0

ee so e

5.0

140

10

TaY
-+
N

15.0

[TaY
—

935

se oo

‘A
~
+

160

es se oo

s se eo

11.5

*s oo o9

1.5

ee oo oo

es o0 oo

20.0

s ss oo

179.0

vs o0 as

68.0

eo o0 on

¢ e0 oo

.0

e

oo

s

e

(x) iodine value = 0 for all assays.



 TABLE X
Influence of temperature on oxonation of methyl oleate

pCO - cobalt laurate - further treatment

N SO,H, in THF)

.
.

-
-

160 kg/cm2 - pH,

(total initial pressure

methyl
Stearate

ve se oo

estolides

N | ve e oo
(%) 1

Q 0
3| 2%
N g8
&0 Q0

—~
o «
(o] “s s oo
o
+ [ /]
]~
/2] (o2 )
o] oL
Q1 ow
E| -0
o] o
&)

*9 eo <o

acid-
esters

*e e 80 co oo

fcarbonyl
© value

hydroxyl
value

.
.
.
.
-
.

Analytical values (x)
ester
value

s s oo

acid
value

eo 88 o6 eo oo

(o
\

Temperature
C)

o0 eo e0 o0 oo

oo

.

e

e

.o

.o

oo

Y

8 (%x)

s s o

0

se ee oo

7.0

°o eeo oo

17.0

se os o

24.5

as se oo

64 .0

se oo oo

29.0

*e vo oo

177.0

s oo oo

57.0

se oo oo

130

®e oo e

10

se se o

®e eo <o

5445

ss oo o

15.0

15.0

ee oo oo

93.5

o oo oo

26.0

ve oo oo

168.0

*s o3 oo

41.5

ee oo oo

150

*e oo oo

26.0

es eco oo

29.0

*e ee oo

vs s0 oo

se oo oo

ve ceo oo

ee oo oo

o ss o

18.5

e oo e

170

ee oo oo

es o9 oo

38.5

ce oo o

4.5

*e vo a»

47.0

se es oo

se o0 wo

8.0

e o0 oo

.

80

175.0

s eo oo

17.0

se se o

190

es ee oo

.o

.o

Y3

() icdine value = 13 for assay n® 7, and = 0 for all other assays.

(¥x) methyl oleate 9.
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chﬂg Figure 1
Ketone and « diol yields variation
in function of solvent dielectric constant
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Figure 2
Kinetics of oxidation



Figure J - 3e0Q, oxidation mechanism of oleic chain
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Figure 4 - Kinetic of (AcO) Hg oxidation of methyl oleate in acetic acic
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Figure 5 - Kinetic of (Aco)eHg oxidation of methyl oleate in dioxan




Figure O - Mercuric acetate oxidation mechanism of oleic chain

\ 7/
/C C . .
2 H “H oleic acid
Hg
7 N\
AcO OAc
R\ 1 /R mercurin’ i di
C nium ion  dimer form

H= TS

I

A.O- ug ®@® Hg-OAc ,2Ac0®

H < ~'..'."C'—"H
7

Soac c -~ fraans-
R R’ nuclzophih‘c H” R T \‘\ H elimination
‘e - attack AcO- Hg @® Hg-oAc
H':"/""~\~H H\C"’C‘/H
AO-Ho *é@ Hg-OAc ]’ R’
S 9 R R
H ~/¢ iy C\f H 1-A<;OH H
R R’ R _ _c-R’
—-— Cand
AcO® Heo = S=n
11 ACO-Hé( @ Hg-OAc
H-:C ::- "' H
/
R_ AcO g R 1 “R' free
cC —-C adducet H rotation
2 /‘ \H R / R,
g~ Ac H%" ~SH
H<Cc—=cZ
AcO-HS-OAc X N H
. , / R ‘HsOAC_
/
H\c - c/g AcO@
R 7 ~ H >
R H ‘

rR
0— -~
? C—C‘H /



H" “H
HaOAC
H /‘ /
R ' , R
=C—-C_
H” t
AcOHg
H H
2 oRT g, R _ &g RS
\c//C\c/ u :C/ = C oilyhc
H | acetate

Ac& / HsoAc OAc



DADD G4 NO

Lﬂ*ﬂ:kn:LOCC l‘

2 2would @

[

snqedaedde UOTABUOX) - [ SJInATH

sossa2adwos

()

([ 2pi1%Quow uoquDs)

- uzﬁonAH

-

F214n0



pressure (Kslomz)

N

’.

o
T

N

N

o
T

200 initial pressure (KS/W")

i8o
160
160 _
140
140

N\ s

100
100 /
nhibition ]
< period — 7
|
|
80 80
reaction j
+ime =
] ] ] A i 1 A ‘ A
20 &0 60 80 {00 120 140 160
time (min)

Figure 8 - variation of pressure in function of initial pressure




pressure (kg [em?)

~n

o

(o]
)

=~y

>
T —.
- en e ar > o aw ™

i

)

>

O
T

190 reaction wN.x)mvN_..D*CﬂﬂAoﬂv

~
o

220} (/.

130

200

180

160

] 1 1 1 1 A 1 ) [\ [ [\

20 40 €0 80 100 120 Lo 160 180 200 220
time (min)

- Variation of pressure in function of temperature

Figure 9



pressure (Kg /cam?2)
170 180 190 200 210 / 220
—

169

i 1 | i 1 A

20

Figure ;.

30 40 50 60 70 80
time (min)

- Oxconation with C°2(9_Q)8
yariation of pressure as a fonction of time

30



220F

2410

200

220}

210

eoorf

pressure (Kg/cm?)

190 190 |

180 180

170 170 |

160 160 [

150 . L A . L—» 150 1 A A 1 —Lp
2o 40 60 8o 100 2o 4o 80 100 1o

time (min)

Figurel: - Curves for kinetic study of the oxoreaction




)

.

PO‘I

com

100
>

80

@ 150-c

40

tion (g/1cog

o)
N
—T " 1 2 A — A !
50 60 70 80 80 400 110
4 _ methyl oleate

8 ~ — — — aldehyd-esters
v eocoooevoooe Olcoh°|-¢5"¢l‘$

- —me=— methy! stecarare
o axxxxxx estolides
m o

60
]
\
/
/
(Y
O
0
0

’I D S PPROPPPOPPELEE S bbb
\ ooooo.""’ """
' \ ooo"".
0 ! N e
\t- , \ooo' ‘ o
""'\ ,‘,‘guus-uutxxxxnununusnx:tx ‘
'0.' \ “‘,‘,‘.U‘K
P a®
SE ' - A0S
“ | .~ +* ~
s S~
N _—
l o-—o-—v--—o——o—-.—o_—o—o—-—,:?‘?p.‘
e . - A 1 1 1 1 1 \
20 30 40 s0 60 70 e

time (minl) |
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